Double-barrelled pH-sensitive micro-electrodes were used to measure changes of intracellular and extracellular pH in and around motoneurons of the isolated frog spinal cord during application of excitatory amino acids. It was found that N-metbyl-D-aspartate, quisqualate and kainate produced a concentrationdependent intracellular acidification. Extracellularly, triphasic pH changes (acid-alkaline-acid going pH transients) were observed during the action of these amino acids. The possible significance of such pH changes for the physiological and pathophysiological effects of excitatory amino acids are discussed.
et al. [2] , strongly inhibited the action of NMDA. The pH of the solution was continuously monitored and adjusted to 7.2-7.5 by varying the proportion of 02 and CO2 in the gassing mixture. The temperature of the Ringer solution was adjusted to 18-21°C. Dorsal and ventral roots of the lumbar segments were drawn into a pair of glass suction electrodes which allowed stimulation and recording of compound potentials. All drugs were applied via the bathing solution (NMDA, quisqualic acid, and kainic acid; Sigma, Munich, F.R.G.; D-2-amino-5-phosphonovalerate (D-APV); Tocris Chemicals, Buckhurst Hill, U.K.). The general methods for the construction and calibration of double barrelled ion-sensitive micro-electrodes have been described previously [8, 9] . pH electrodes had a tip diameter of about 1/lm. The ionsensitive barrel contained the pH-sensitive cocktail (Fluka 82500 [I]); the backfilling solution was composed of (raM): KH2Po4 40, NaOH 23, NaC1 15 (pH 7.0). The reference barrel was filled with 1 M magnesium acetate solution.
The results of this study are based on recordings from 15 motoneurons (11 spinal cord preparations). The recording periods usually lasted between 1 and 6 h. The mean membrane potential of these cells was -67.8 _ 6.7 mV (mean_ S.D.). Fig. 1 shows NMDA-induced changes of the extracellular and intracellular pH (pile, pHi) in and around a motoneuron of the isolated frog spinal cord. In the extracellular space a triphasic pH change was observed (Fig. 1) . During the first minute after the start of the NMDA superfusion a small acidification was seen. Later, an alkaline lular acidification during the action of acidic amino acids. First, we wanted to know whether the presence of the amino acids in the spinal cord itself can produce pH changes. Therefore, NMDA was applied during continuous supcrfusion of the spinal cord with D-APV, an NMDA receptor antagonist. Experiments such as the one illustrated in Fig. 2 clearly showed that o-APV blocked both the membrane depolarization and NMDA-induced changes of extra-and intracellular pH. This indicates that at least the binding of NMDA to the receptor, and not the presence of the acidic amino acids alone, is responsible for the pH transients. However, at the moment we do not know whether the changes in the H + activity are mainly a consequence of ion movements leading to alterations in the intra-and extracellular strong ion difference [16] or due to the metabolic production of acid. This question will be explored in future experiments. There are differences in the physiological importance of the acidic amino receptor subtypes. For example, only the NMDA-preferdng sub-type may participate in phenomena like long-term potentiation [4] and kindling-induced epilepsy [15] . However, both NMDA and kainic acid can produce neuronal cell necrosis [14] . In order to further analyze whether changes of pH might underly the above-mentioned changes in neuronal excitability, we have compared the changes of pH produced by these different glutamate receptor agonists. The results are illustrated in Fig. 3 . We have found that NMDA, quisqualate, and also kainic acid produced similar changes of intracellular pH. This conclusion is based on observations with relatively low concentrations of these amino acids (upper part of Fig. 3 ) as well as high concentrations (lower part of Fig. 3 ). This uniform effect of different glutamate receptor agonists on pHi is different from their effects on intracellular Ca 2+. Kainic acid was much less effective in triggering increases in intracellular free Ca 2+ than NMDA [12] .
Therefore, our data do not support the idea that pH changes may contribute to LTP or kindling-induced epilepsy. However, intracellular acidosis may well be a factor contributing to the cytotoxic effects of these amino acids [14] .
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